Abstract. In this study, mechanical properties tests were performed on 0, 5, 10, 15, 20 and 25 wt% calcium sulfate whisker (CSW) filled on poly(vinyl chloride) (PVC) (blended by single screw extruder) to identify the effect of CSW weight fraction on the mechanical properties of PVC. The introduction of calcium sulfate whisker in PVC not only reduced the cost of PVC composites, but also improved the overall performance of PVC. The binary blends were first characterized in terms of mechanical properties. The properties of subsequent CSW/PVC blends were investigated through SEM.
Introduction
PVC is one of the most widely used halogen containing polymers. This polymer has been in the center of attention with a broad range of outstanding properties such as excellent stiffness, rigidity, acid and alkali resistance, so it becomes one of the most promising polymers currently available on the market, also it draws great attention of researchers from all over the world. It is widely used in extrusion tubes, packaging container and foam materials. However, poor thermal stability restrict its application [1] . It is observed that PVC is easily decomposed to hydrogen chloride and dioxins during processing which can contaminate atmosphere and damage people's health. Therefore, it is necessary to mix an "eco-friendly" component like natural fibers, CaCO 3 talc, china clay etc., which might suppress its decomposing products during processing [2] . For instance, MNR Nair et al. [3] used natural rubber (NR5) to investigate the compatibility in the PVC/NR blend system. Nano CaCO 3 is also filled into PVC by NG Shimpi [2] , their investigation indicated that the tensile strength and modulus has been improved significantly even though the amount of addition of nano filler is low, thermal properties of PVC/nanocomposites were found to be better compared to that of neat PVC.
Reinforced by inorganic fibers or whiskers has been considered an effective method to improve the properties of polymers and to cheapen the compound. Many works have been focused on the preparation of various inorganic whiskers/polymer composites. Calcium sulfate whisker (CSW) has been considered as one of a useful filler because of its high modulus and strength, outstanding heat and chemical resistance, non-toxicity, and low material cost [4, 5] . Wang et al. [6] investigated the effect of CSW on the mechanical properties of polypropylene (PP), the result showed that the notched impact strength of the composite increased dramatically after adding CSW. Zhou et al. [7] studied CSW reinforced acrylonitrile butadiene styrene (ABS), the influences of CSW on mechanical and thermal properties of the composites were observed. Wang et al. [8] investigated the effect of organophilic calcium sulfate whisker (OCSW) on the mechanical and thermal properties of the silicone rubber. Liu et al. [9] prepared polyurethane (PU) elastomer/CSW composites by in situ polymerization, and the strength of the materials were increased by addition of CSW. Liu et al. [10] prepared PCL/calcium sulfate particle and whisker composites by the coprecipitation method, the result showed that for both of the calcium sulfate whisker and particle composites, mechanical properties of composites were improved.
In this study, a series of CSW filled PVC composites were prepared in sing screw extruder. In this research article, the mechanical properties of CSW/PVC were investigated. The interfacial adhesion is very important for the blends. The dispersion and exfoliation of CaSO4 within polymer matrix was also observed using morphology study. Scanning electronic microscopy (SEM) was used to investigate the effect of CSW on the morphological of CSW/PVC blends.
Experimental Materials
PVC (SG-5) was supplied from Sinopec Qilu Company Ltd. (Shandong, China). The melt flow index is 60 g/10min (190 0 C, 2.16 Kg), density is 1.3 g/cm 3 . CSW, industrial grade, was supplied by Shanghai Tengmin Co., China. The purity is more than 99 %, and bulk density is 0.1-0.4 g/cm 3 , the length-to-diameter ratio is 60-80. The Scanning Electronic Microscope of CSW which was provided by the supplier was presented in Figure 1 . 
Samples Preparation
PVC and CSW were dried in a vacuum at 65℃ for 4 hr before blending to remove moisture. PVC was blended with CSW (0, 5, 10, 15, 20, 25 wt%, respectively) using the singe screw extruder. The profile temperatures were 120, 165, 170 and 170 ℃. The extruded strands were quenched, pelletized, and dried at 60 ℃ for 24 hr. The extruded pellets were compression molded in a hydraulic press at 160℃.
Characterizations
SEM. The fracture surface was studied using a Scanning Electronic Microscope (SEM, model HITACHI S-3700N, Japan). The specimens (4 mm thick) were submerged in liquid nitrogen for about 15 min and fractured to expose the internal structure for SEM investigations. Prior to the SEM test, all surfaces were sputtered with gold to provide enhanced conductivity.
Mechanical Test.
Tensile test of the pure PVC and CSW/PVC blends were conducted using an INSTRON universal machine (model 5566, USA) in accordance with GBT 1447-2005. INSTRON POE2000 Pendulum impact tester was used in impact test. All the values were determined in an average of five repeats.
Results and Discussion

Mechanical Properties
The impact strength for pure PVC and CSW/PVC blends with different CSW loadings were 31.8, 34.9, 38.4, 40.6, 42.7, 41.9KJ/m 2 for 0, 5 wt%, 10 wt%, 15 wt%, 20 wt%, 25 wt% CSW/PVC blends respectively. CSW has effect on the impact strength of the composite material, with an obvious increase with increased CSW loading. Although the addition of CSW which is rigid filler would be harmful to the toughness of materials, but the decrease of spherulite size will benefit to the impact strength [11] . On the other hand, a binding force was generated between the interface of CSW and PVC matrix, when the composites was subjected to impact force, some whiskers were pulled out from the PVC matrix and absorbed a part of impact energy [7] . So the impact strength of the blends exhibited a steady increase with the increase loading of CSW. When the CSW content is more than 20 wt%, the impact strength of the blends begin to decrease. This is mainly due to the CSW reunion phenomenon. The tensile modulus and tensile strength for the pure PVC and CSW/PVC blends are shown in Figure 3 . The tensile strength of the blends increased from 5.9 to 8.4 MPa with increased CSW loading, and was higher than that for pure PVC (5.5 MPa). CSW has a great effect on the tensile strength of the composite material, but the tensile strength has a slight decrease when the mass fraction of whisker is ≥ 20 wt%. It is possibly due to the reduction of the interaction between the whisker and the resin matrix or the agglomeration of CSW in the composite [12] . The tensile modulus for pure PVC was 138 MPa, as the CSW loading increased, the tensile modulus increased obviously and reach to maximum at the content of 15%. The tensile modulus of 15 wt% CSW/PVC was higher by approximately 16 % compared with that of neat PVC. Then the tensile modulus decreased.
Morphological Investigation
The dispersion state of CSW in the PVC matrix was characterized by scanning electron microscopy (SEM), and the SEM images of the fracture surface for the pure PVC and CSW/PVC blends with different CSW loadings are shown in Figure 4 . It can be clearly observed that CSW are uniformly dispersed in PVC matrix when the loading of CSW is less than 15wt%. But there is some reunion phenomenon when the CSW loading is more than 20wt%. This is in accord with the mechanical properties. 
Conclusions
In this experimental investigation, we have studied the mechanical properties of CSW/PVC composites with different CSW content. It was demonstrated that the impact strength and tensile strength of the CSW/PVC composites has a great increase when the loading of CSW is less than 20 wt%. This is mainly due to CSW can be uniformly dispersed in PVC matrix. CSW addition was beneficial for the improvement of impact strength and tensile strength for CSW/PVC composites. And CSW can act as an efficiency nucleating agents for PVC crystallization. However, there is some reunion phenomenon when the CSW loading is more than 20wt%, to some extent decrease impact strength and tensile strength. The tensile modulus for pure PVC and CSW/PVC blends has the similar trend with the tensile strength.
